. The original sample was diluted and subjected to strontium/transuranics (Sr/TRU) precipitation and filtration processes before ion exchange processing was performed. Batch contact and column tests for the ion exchange removal of cesium and technetium were then completed on the Sr/TRUdecontaminated product. Previous ion exchange tests were conducted on a smaller portion (0.5 L) of the Tank 241-AN-102 supernate sample, which had been similarly pretreated, and the results were reported in a separate document.
Poor cesium removal was observed for the large Envelope C sample relative to the small sample. The cesium distribution coefficient (K d ) measured by batch contact for the large Envelope C sample of 298.4 mL/g was 39% of the K d measured for the small sample (K d = 758.9 mL/g). Ion exchange columns containing two 107 mL samples of SuperLig ® 644 ion exchange resin (lead/guard column configuration; column ID: 2.7 cm) were used for Cs removal on the large sample. 50% Cs breakthrough was observed from the lead column after 130 bed volumes (BV) of solution had been processed (total volume processed: 170 BV). This performance meets the plant design target for column regeneration, which requires a minimum of 100 BV of feed to be processed prior to lead column regeneration. However, the cesium breakthrough profile was linear, which resulted in high cesium concentrations in the effluent collected from the guard column. Evidence suggests that insoluble solids had precipitated after the Sr/TRU filtration step, and these solids blinded the cesium ion exchange resin. Better results were observed for the small-scale (6.2 mL) cesium column test on the 0.5 L sample, in which 11% Cs breakthrough was observed from the lead column after processing 85 bed volumes of solution. For comparison, 11% Cs breakthrough was observed from the lead column in the intermediate-scale (107 mL) column test after ~40 BV of feed had been processed.
In order to meet the plant design criteria for the guard column effluent of 0.1748 µCi/mL Cs-137/Na [M] , it was necessary to reprocess ~75% of the sample through the cesium ion exchange columns following regeneration of both columns. After reprocessing, the composited effluent solution from the two cesium column experiments easily satisfied the plant design requirements (estimated composition: 1.5E-2 µCi/mL Cs-137/mol Na). The data indicate that the routine elution step is sufficient to remove the insoluble solids and no permanent damage was done to the resin. Further work is needed to better understand the poor performance of SuperLig ® 644 resin in the intermediate-scale test and the differences between the performance with the two samples tested.
As expected, only ~30% of the technetium was extractable in ion exchange column tests using SuperLig ® 639 resin on the Cs-decontaminated Envelope C sample. Poor Tc removal had been previously observed with a small subsample of Envelope C, and was WSRC-TR-2000-00420 SRT-RPP-2000-00014 Rev. 0 viii attributed to the large fraction of nonpertechnetate forms of Tc in Envelope C waste. Ion exchange columns containing two 147 mL samples of SuperLig ® 639 ion exchange resin (lead/guard column configuration; column ID: 2.7 cm) were used for pertechnetate (TcO 4 -) removal on the large Envelope C sample. Technetium breakthrough from both the lead and guard columns stabilized at ~70% after 20-30 BV of feed had been processed and remained at this level throughout the remainder of the experiment (total volume processed: 114 BV). These results reveal that the lead column removed virtually all of the pertechnetate. This result is better than predicted from the equilibrium capacity measurements. Following the completion of the ion exchange column experiments, the decontaminated product and the concentrated eluates were provided for demonstration of the low-and high-activity vitrification processes, respectively. Evaporation and vitrification of these solutions will be reported separately.
Distribution coefficient (K d ) values were also determined for the SuperLig ® 644 and 639 resins over a range of cesium and technetium equilibrium concentrations, in order to generate equilibrium isotherms for each ion exchange resin. Simulant and radioactive ion exchange experiments conducted with the SuperLig ® resins have been used to develop ion exchange models at the Savannah River Technology Center for the prediction of column performance in the actual plant operation. Batch contact and column data for the Tank 241-AN-102 sample will be used to further strengthen the model to predict fullscale column performance with Envelope C supernate. Results of the SuperLig ® column modeling will be reported separately.
INTRODUCTION
Hanford radioactive waste materials have been categorized into four envelopes labeled A through D as specified in the Tank Waste Remediation Contract between British Nuclear Fuels Limited, Inc. (BNFL) and the United States Department of Energy (DOE). 1 Envelopes A, B and C contain only solubilized species with less than 2 wt. % insoluble solids and are specified as Low-Activity Waste (LAW). Each envelope is defined based on compositional maximums of chemical and radioactive constituents. Envelopes A and B contain low concentrations of organic species and the primary form of technetium is pertechnetate (TcO 4 -). Envelope C contains higher levels of organic species and technetium, which is primarily in the nonpertechnetate form. Envelope D is sludge which has been separated from the supernate and is referred to as High Level Waste.
The pretreatment process for the Hanford River Protection Project contracted to BNFL is to provide decontaminated low activity waste and concentrated eluate streams for vitrification into low-and high-activity waste glasses, respectively. The pretreatment includes precipitation and filtration to remove strontium, transuranics, and entrained solids and ion exchange processes to remove cesium and technetium. The cesium and technetium ion exchange removal is accomplished using SuperLig ® 644 and 639 resins, respectively, from IBC Advanced Technologies. The resins have been shown to selectively remove cesium and anionic pertechnetate (TcO 4 -) from alkaline salt solutions. The efficiency of ion exchange column loading and elution is a complex function involving feed compositions, the equilibrium and kinetic behavior of the ion exchange process, diffusion, and the ionic strength and pH of the aqueous solution. A previous experimental program completed at the Savannah River Technology Center (SRTC) demonstrated the conceptualized BNFL flow sheet parameters with an Envelope C sample from Hanford Tank 241-AN-107. Those experiments included determination of Cs and Tc batch distribution coefficients with SuperLig ® 644 and 639 resins, respectively, 2 and demonstration of small-scale column breakthrough and elution 3 . The experimental findings were used in support of the preliminary design basis and pretreatment flow sheet developed by BNFL, Inc.
An earlier report described ion exchange testing conducted on a small portion (0.5 L) of the Tank 241-AN-102 sample received by SRTC. 4 This report describes ion exchange testing conducted on the remaining larger portion (~17 L) of the Tank 241-AN-102 sample. The objectives of this study were as follows:
(1) Determine the batch distribution coefficients (K d values) and percent removal for cesium (Cs) and technetium (Tc) ions on SuperLig ® 644 and 639 ion exchange resins, respectively, with Envelope C salt solution from Hanford Tank 241-AN-102
(2) Provide equilibrium isotherm data across a range of Cs and Tc concentrations to determine the parameters for successful modeling of ion exchange column breakthrough and elution Batch contact experiments were performed on the large portion of the Envelope C sample to determine the equilibrium distribution coefficients (K d values) and percent removal for cesium and technetium ions. The K d values represent a measure of ion equilibrium distributions between the aqueous phase and the ion exchanger at a specific solid to liquid ratio. Also the K d values provide valuable information on selectivity, capacity, and affinity of an ion exchange material to remove ions from complex aqueous solutions. Specific tests are performed by the addition of a small quantity of ion exchange material into a small volume of salt solution containing a known exchangeable ion(s). Factors that effect the K d values and percent removal of the ion(s) include the temperature, initial concentration of the ions in solution, and the solid/liquid ratio during the contact. Duration of the contact must be sufficient to achieve equilibrium or a constant comparative value must be used. The loading capacity for the ion exchange columns is determined from batch contact experiments conducted under the same conditions as the columns. The K d values are also determined at different equilibrium concentrations to establish a robust ion exchange decontamination process across the broad range of cesium and technetium concentrations that will be encountered as the solution passes through the columns. These data will be used as input to a computer model to determine scale-up parameters. The computer modeling work will be reported separately. 5, 6 The intermediate-scale ion exchange column experiments were performed in the Shielded High Level Cells at SRTC, allowing remote handling of materials. All experiments were conducted at ambient temperature. A pair of columns was used for the cesium column experiments and a second pair was used for the technetium column experiments. Each pair consisted of two columns connected in series, one as the lead column and the other as the guard column. The cesium columns were each packed with 107 mL of SuperLig ® 644 resin and the technetium columns each contained 147 mL of SuperLig ® 639 resin. In each experiment, the bulk feed sample was allowed to pass through the lead column and was collected from the guard column in fractions. The lead and guard column effluents were periodically sampled during column loading to detect early breakthrough and monitor column performance. Once the analytical results were received and the Cs-and Tc-decontaminated effluent was confirmed to meet the LAW acceptance criteria, the fractions were combined and further characterized. Following column loading, the feed solution was displaced from the columns and the lead and guard columns were eluted separately with 0.5 M HNO 3 (Cs) or water (Tc). The lead column eluates were periodically sampled to determine when elution was complete. The portions of the lead column eluates containing the bulk of the radioactivity were later combined to give WSRC-TR-2000-00420 SRT-RPP-2000-00014 Rev. 0 4 separate Cs and Tc eluate composite samples which were analyzed and provided for evaporation and vitrification into high-activity waste glass (reported separately 7 ).
EXPERIMENTAL

Materials
Some physical data measured for the SuperLig ® 644 and 639 resins which was reported in an earlier document is provided in Table 1 
Prior to the cesium and technetium ion exchange tests, the large portion of the "asreceived" Tank 241-AN-102 sample was diluted to 6.5 M Na + , characterized, and treated for Sr/TRU removal by the addition of sodium hydroxide, strontium nitrate and sodium permanganate solutions. The product was then filtered through a cross-flow filter to remove Sr/TRU precipitates. Filter wash solutions were combined with the filtrate just prior to the initiation of the ion exchange experiments. Other reports describe the dilution and characterization 9,10 and the Sr/TRU removal 10 for column washing. 0.5 M HNO 3 was used for SuperLig ® 644 column elution. These solutions were prepared using ACS certified, high-purity reagents from Fisher Scientific, Inc.
Equipment and Procedures
Batch Contact Experiments
Duplicate batch contact tests were performed at ambient temperature using an orbital shaker in the Intermediate Level Cells Facility at SRTC. "As-received" ion exchange resin (0.08-0.18 g) and Tank 241-AN-102 solution (8-18 mL) were transferred to a 20 mL polyethylene vial and placed on the shaker. The ratio of solution volume to exchanger mass was 100±10. The temperature was measured at the beginning and the end of the experiment (observed range: 25-27 °C). After 24±1 hours, the samples were removed from the shaker. The solution was then filtered through a 0.45 micron Nalgene ® nylon filter using vacuum. Control samples (~18 mL of salt solution) were treated in the same way as those of duplicate test samples without the addition of the resin. The concentrations of Cs and Tc in control samples were used as the starting initial concentrations to determine the K d values and the percentage of analyte removed by the resin. A standard batch contact test was conducted using the original ion exchange column feed solution, followed by two sequential recontacts of the filtrates with fresh resin. In addition, independent cesium-and technetium-spiked batch contact tests were conducted. At the conclusion of each test, a 1 mL sub-sample of the filtrate was removed from the cell and analyzed for cesium (gamma scan) or technetium (ICP-MS) by the Analytical Development Section (ADS) at SRTC. Sub-samples were often diluted (10:1) with de-ionized water to reduce the radiation dose rate before the samples were transferred from the cell to the analytical laboratories. All dilutions and measurements were performed based on mass, and corrections were applied for the density of the solution to ensure accuracy. Data for the batch contact tests are provided in Attachments 2 and 5. The Cs and Tc distribution coefficients (K d ) and % removal were calculated using the formulas shown in Eqs. 1 and 2, respectively. Rev. 0 6 F-factors of 0.904 and 0.987 were used to calculate the Cs and Tc K d values, respectively, based on the data reported for the resin batches in Table 1 .
Following the sequential batch contact tests, small quantities of cesium nitrate (nonradioactive) or sodium pertechnetate (in ~1 M HNO 3 ) were spiked into a known volume of the original ion exchange column feed solution. This was done to increase the initial concentration of Cs or Tc in test solutions (total [Cs] increased to >30 times feed; [Tc] was increased by ∼5). Because of the size of the spike sample and the density difference of the spike and the test solution, it was necessary to add the test solution into a polyethylene bottle containing the spike. The spiked solution was then shaken manually in the cell to provide adequate mixing before contacting the solution with the resin. The spiked test solution (~10 mL) was gently shaken with fresh ion exchange resin (~0.1 g) for 24 ±1 hours. A control spike sample was treated in the same manner. After the contact period, the solution was separated from the resin by filtration under vacuum using a 0.45 µm Nalgene ® nylon filter. A 1 mL sub-sample of the filtrate was removed from the shielded cells and analyzed for cesium (gamma) or technetium (ICP-MS). Data for the Cs and Tc batch contact tests are provided in Attachments 2 and 5, respectively. Figure 1 shows the ion exchange column design. A photograph of the actual ion exchange column apparatus used for Cs removal is shown in Figure 2 . A pair of ion exchange columns was used which were constructed from 2.7 cm ID sodium borosilicate glass tubing. Decals were affixed to the outer walls of the columns with 1 mm graduations to measure the resin bed height. The outsides of the columns were coated with a layer of polyvinylchloride to reduce hazards associated with potentially pressurizing the apparatus. 3-way, Whitey ® 40 Series stainless steel ball valves (#1 and #7) were attached to the bottoms of the columns. The column heads were attached to the columns using Rudivis ® ground-glass joints. Stainless steel ball valves (#2 and 4; #8 and 10) were attached on opposite sides of each column head to serve as feed ports. Each column head also contained a vent (valves: #3 and #9), a pressure gauge, a pressure relief valve, and a fill reservoir. The valves were connected to the columns by high-density polyethylene bushings with Viton ® O-rings. Swage-lock ® fittings were used to connect the valves to low-density polyethylene tubing (11/64" ID) which served as column feed and effluent lines. A 3-way valve (#6) was used to collect samples of the lead column effluent. Prior to each sample collection from valve #6, the tubing was purged to remove liquid retained from previous sample collections. Stainless steel wire screens (200 mesh) were inserted into the columns to support the ion exchange resin. All solutions were passed through the columns in the downflow direction using Fluid Metering Incorporated QG150 positive displacement pumps with ¼" and 3 / 8 " piston sizes. Guard column samples were collected at the end of the guard column effluent collection line, rather than with the manual sample port located at the bottom of the column. The manual sample ports were used to drain the liquid head from the columns at specific times during column operation as specified in the technical task plan. 11 After transferring the SuperLig ® 644 resin into the columns and replacing the tops, the resin bed was treated with the following solutions sequentially (Pretreatment Cycle): 3 BV of fresh deionized water, 6 BV of 0.25 M NaOH, 3 BV of deionized water, 3 BV of 0.5 M HNO 3 , and 3 BV of deionized water. All of these solutions were passed through the columns at a flow rate of 3 BV/hr. The bed was pretreated with 6 BV of 0.25 M NaOH over a 2-hour period just prior to beginning the experiment with 241-AN-102 supernate. The 0.25 M NaOH liquid level in the columns was adjusted so that the volume of liquid above the resin bed was near 100 mL (~1 bed volume) before Tank The SuperLig ® 639 ion exchange columns were prepared by soaking the "as-received" resin overnight in deionized water and transferring the resin into the columns as a suspension. The bed was pretreated with 3 bed volumes of 1.0 M NaOH over a 1 hour period just prior to beginning the experiment (Pretreatment Cycle). The NaOH liquid level in both columns was adjusted so that the volume of liquid above the resin bed was near 150 mL (~1 bed volume) before Tank 241-AN-102 supernate was pumped into the columns. ~5 mL samples of effluent were collected from the lead column at ~5 bed volume intervals while processing the Tank 241-AN-102 sample (Feed Cycle). The flow rate during the feed cycle was 2.2 BV/hr (0.98 cm/min; range measured: 1.8-2.6 BV/hr). Samples were collected for analysis from each effluent collection bottle. Following the feed cycle, the liquid in both columns was drained to within 1 cm of the top of the resin WSRC-TR-2000-00420 SRT-RPP-2000-00014 Rev. 0 10 bed. Sodium hydroxide solution (0.1 M) was pumped into the lead column until the volume of liquid above the resin bed was approximately 150 mL (∼1 BV). The lead column exit line (valve #1) was opened and the liquid level in the guard column was raised to the original height (∼1 BV) by pumping 0.1 M NaOH solution into the system through the lead column. The guard column exit line was opened and 2.3 bed volumes of 0.1 M NaOH were passed through the columns at a flow rate of 2.5 BV/hr (NaOH Wash Cycle). The lead column was then isolated from the guard column and eluted with deionized water at a flow rate of 0.78 BV/hr (0.35 cm/min; range measured: 0.4-0.9 BV/hr). The eluate collection bottles were changed and 3-5 mL grab samples of the eluate were collected approximately every 4 hours (Elution Cycle). Loading and elution data from the SuperLig ® 639 column experiment is provided in Attachment 6.
Column Experiments
The flow rate was monitored during the column experiments by periodically measuring the time required to collect 5-10 mL samples of effluent. The effluent solution during the feed cycle was collected in 1 L bottles. The weight of effluent solution in each bottle was measured and the volume was calculated using the solution density and corrected for the volume of samples collected. The flow rate was calculated from the time of collection for each bottle. The overall flow rate was taken to be the volume-weighted average of the flow rates calculated for each collection bottle. The flow rates for the elution cycles were calculated similarly. The number of bed volumes of solution processed for each sample was calculated from the time of collection and the flow rate. (Note: The column operating procedure was designed to emulate the actual plant operation, where the column is half full of resin and half full of liquid. According to the procedure, the initial simulant that was fed into the ion exchange column during the loading cycle was to be diluted by the 1 BV of NaOH pretreatment solution which remained above the resin bed. Likewise, the post-feed water wash and the eluting solutions were allowed to mix with the liquid head left above the resin from the previous cycle. No attempt was made to correct for mixing of solutions in the column head-space when calculating the number of bed volumes of feed, wash, or eluate processed. Each processing cycle was considered to start at the moment that the next processing liquid entered the lead column.)
RESULTS AND DISCUSSION
SuperLig ® 644 Batch Contact Experiments
Cesium distribution coefficients and % removal measured for SuperLig ® 644 with the small and large portions of the Tank 241-AN-102 sample are given in Table 2 . A plot of the Cs-137 K d data versus final [Cs] is shown in Figure 3 . Considerably higher K d values were observed with the small portion of the Env. C sample than for the large Env. 
Based on this simple calculation, 50% Cs breakthrough is expected after 120 BV of feed have been processed.
SuperLig ® 644 Column Experiments
The cesium breakthrough profile observed for the lead SuperLig ® 644 column during column loading with the large portion of the Envelope C sample is shown in Figure 4 . 50% Cs breakthrough was observed for the lead column after ~130 BV of feed had been processed. The observed breakthrough was very near the value predicted based on the K d data (120 BV). Previous SuperLig ® 644 columns have exhibited earlier cesium breakthrough with Hanford waste samples than was predicted by the λ approximation. 50% Cs breakthrough was observed in column tests with SuperLig ® 644 and Hanford Tank 241-AN-107 (Envelope C) at 37% of the λ value. 3 The observed breakthrough satisfies the current plant design column regeneration target which requires 100 BV of feed to be processed prior to lead column regeneration. However, as is shown in Figure  3 after the completion of similar Sr/TRU precipitation and cross-flow filtration treatments. 14 Dark solids were also observed to form in the actual Tank 241-AN-102 filtrate several weeks after cross-flow filtration had been completed. 15 However, this filtrate sample had not been diluted with the NaOH filter wash solutions, as was the case with the actual ion exchange column feed solution. Analysis of the filtered solids after dissolution in 0.5 M HNO 3 revealed that the general composition was consistent with that of the filtrate solution, except that the relative Mn concentration was high. This indicates that the solids were primarily Mn salts and the remaining components reported were the result of insufficient rinsing of the solids to remove residual filtrate solution. The fact that the guard column appeared to perform better than the lead column is consistent with either the removal of insoluble solids or the absorption of specific interfering ions by the lead column. Removal of interfering ions by the lead column could have resulted in decreased cesium removal by the lead column, but may have also yielded a guard column feed which was more suitable for cesium removal by SuperLig ® 644 resin. Further work is needed to better understand the poor performance of SuperLig ® 644 resin in the intermediate-scale column test and the differences between the resin performance with the small and large portions of the Tank 241-AN-102 sample.
During the NaOH and Water Wash Cycles, the effluent was collected from the guard column in ~1 BV fractions. Analysis results received for the wash fractions are shown in Table 3 . The Cs-137 concentration in the wash collection bottles decreased during the wash cycle from 20.4 µCi/mL (Fraction #1) to 1.45 µCi/mL (Fraction #5), which is <1% of the feed [Cs-137]. The wash solutions contained a total of 5.36E3 µCi of Cs-137 (0.17% of the feed Cs-137). Na + and OHconcentrations decreased as expected in each successive wash fraction.
Following the wash cycle, the lead column was eluted with 0.5 M HNO 3 . The eluate was collected in ~2 BV fractions and samples from each bottle were submitted for Cs-137 analysis. The lead column Cs-137 elution profile is shown in Figure 6 . Analytical results for the lead column eluate fractions are provided in Attachment 3. The Cs-137 peak concentration was observed after 5.0-7.6 BV of eluate had been processed. The delay in the observed peak concentration in the eluate fractions was partially due to the liquid head atop the resin bed. The Cs-137 concentration reached <1% of the feed (1.79E3 µCi/mL) after 10.9 BV (6 bottles) of eluate had been processed. A total of 22.5 BV of acid was passed through the lead column during the elution cycle. were within twice the minimum detection limits for these analytes (see footnote Attachment 4) and may not be real values. Comparably high concentrations of Ca, Cu, Cr, and Ni were observed in the cesium ion exchange eluate isolated during treatment of the small portion of the AN-102 sample. 4 Apparently, these species either absorb to specific resin sites or precipitate from the solution during ion exchange processing of Envelope C solution.
In order to sufficiently decontaminate the Envelope C sample to meet the vitrified LAW specifications, it was necessary to reprocess a portion of the Envelope C sample. The SuperLig ® 644 guard column was fully eluted with 21 BV of 0.5 M HNO 3 . Analysis at the conclusion of the elution confirmed that the Cs-137 concentration was <1% of the feed concentration. The columns were then washed in series with deionized water and regenerated with 6 BV of 0.25 M NaOH (flow rate: 3 BV/hr). The water/NaOH regenerate solution was collected and analyzed for Cs-137, Na + and OH -( Table 3 ). The regenerate solution contained approximately 68 µCi of Cs-137 (total volume collected: 640 mL) which corresponds to 0.002% of the feed [Cs-137]. The [Na + ] and [OH -] reported for the regenerate were considerably lower than 0.25 M because at least half of the regenerate was water (much of the 0.25 M NaOH remained in the columns) and exchange with the resin also reduces the initial NaOH concentration of the wash solutions.
Effluent composite bottles 7-20 from the first cesium column experiment were reprocessed through the regenerated SuperLig ® 644 columns in the order that they were collected during the first experiment. Less than 5% Cs breakthrough (based on the [Cs-137] in the original feed) was observed from the guard column during reprocessing. The estimated Cs-137 concentration in the total sample (including the reprocessed portion and the remaining effluent bottles from the first cesium column experiment) was estimated to be 0.0152 µCi/mL Cs-137/Na . It should be noted that the calculated concentrations of pertechnetate after the initial contact in samples from both the small and large portions of the Envelope C sample were small (<0.5 mg/L) relative to the total Tc remaining (~3.5 mg/L). This may have resulted in significant error in the calculated pertechnetate concentrations.
The theoretical 50% TcO 4 breakthrough point (λ) for the large portion of the Env. C sample can be predicted from K d data and the swollen bulk resin density using Eqn. 3. The bulk resin density for batch #980624001DC was reported by SRTC to be 0.489 g/mL. 8 16 Based on this data the 50% TcO 4 breakthrough would be expected to occur after >196 BV of feed have been processed.
SuperLig ® 639 Column Experiment
The lead column Tc breakthrough profile observed for the Large Env. C sample is provided in Figure 7 . During the cesium ion exchange column tests the guard column effluent was collected in 1 L bottles and was not composited prior to processing the sample through the SuperLig ® 639 columns for Tc removal. The first effluent bottles collected during the two cesium column experiments which were diluted by the 0.25 M NaOH pretreatment solution were processed through the Tc ion exchange columns first. The Tc breakthrough rapidly increased to ~70% after 20 BV of solution had been processed and remained nearly constant (range: 68-77% breakthrough) throughout the remainder of the experiment (total volume processed: 114 BV). The effluent from the guard column was collected in ~5BV fractions and samples from each bottle were analyzed for Tc-99. The analysis results for the guard column fractions are provided in Figure 8 . The guard column breakthrough profile is very similar to the lead column breakthrough. The Tc-99 breakthrough stabilized near 70% after ~20 BV of solution had been processed and remained nearly constant (range: 67-77%) throughout the remainder of the experiment. The lead and guard column breakthrough data indicate that the lead column removed virtually all of the pertechnetate, such that little pertechnetate actually reached the guard column. This is consistent with the lambda value predicted from the batch contact data, which indicated that the TcO 4 breakthrough would not be observed until >196 BV of solution had been processed. ~70% Tc breakthrough was also observed for the small portion of the Envelope C sample using a 5.6 mL column. The similarity between the SuperLig ® 639 column performance (~30% extractable Tc) observed for the small and large Env. C samples contrasts with the batch contact data which indicated that the fractions of pertechnetate in the two samples were different. Following the completion of the SuperLig ® 639 column experiment, the Cs/Tc-decontaminated effluent was removed from the Shielded High Level Cells and composited in a radiological hood. Following the loading cycle, the columns were washed by transferring 3 BV of 0.1 M NaOH through the columns in series at a flow rate of 2.5 BV/hr. The eluate was collected from the guard column in ~1 BV fractions and 2-3 mL grab samples were collected each time that the collection bottles were changed. The grab samples and the wash fractions were analyzed for Tc-99, Na + , and OH -. Analysis results for the wash samples are provided in Table 5 . During the wash cycle, the Tc-99 concentration in the effluent decreased from 67% to 6.2% of the feed [Tc]. An earlier SRTC document describing SuperLig ® 639 ion exchange column tests on a Savannah River Site Tank sample reported increasing Tc-99 concentrations in successive wash samples. 17 However, no guard column was used in this experiment and the OHconcentration of the sample was significantly higher (total OH -: 4.50 M) than the Tank 241-AN-102 sample, which resulted in much higher loading in the column used for the SRS sample. These observations may explain the opposing trends noted in the wash sample compositions for WSRC-TR-2000-00420 SRT-RPP-2000-00014
Rev. 0 20 Following the wash cycle, the lead column was eluted with water. The eluate was collected in 3-4 BV fractions and 2-3 mL grab samples were collected for analysis each time that the collection bottle was changed. The lead column Tc-99 elution profile is shown in Figure 9 . The Tc-99 peak concentration was observed after 10.4 BV of eluate had been processed. The Tc-99 concentration did not reach <1% of the feed (the current plant design criteria for full elution) until 31 BV of eluate had been processed ( Figure  10 ). The first 31 BV of eluate from the lead column (total volume: 4,526 mL) were composited for further characterization and vitrification. Analysis results for the composited lead column Tc eluate are provided in Attachment 7. The composited eluate contained 20.2 mg Tc-99 based on ICP-MS analysis, which corresponds to 82% of the Tc-99 adsorbed to the lead column (based on integration of the breakthrough curve). Ion selective electrode (ISE) analysis indicated a high concentration of chloride (>15 g/L) in the technetium eluate. In contrast, ion chromatography analysis indicated that the chloride concentration was <1000 mg/l. Observations of high chloride analysis by ISE with this sample type have been reported previously. 12 
